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Introduction

Individually Designed Optimum Dosing Strategies (ID – ODSTM; http://www.optimumdosing-strategies.org/) is a therapeutic drug monitoring and simulation tool powered by the
R® software (version 3.3.0; Institute for Statistics and Mathematics [http://www.rproject.org/]). Based on patient demographic information readily available at the bedside, ID
– ODSTM incorporates Monte Carlo simulation and inverse Bayesian modeling into the design
of personalized dosing regimens. Drug concentration-time profiles are simulated using Monte
Carlo simulation and inverse modeling based on linear 1 and 2-compartment intravenous or
oral infusion models written in the R® language using the published, validated population
pharmacokinetic parameter values and respective inter-individual variability.
Citing ID-ODSTM

App: ID-ODSTM. (2017). Optimum Dosing Strategies (Version 0.1.18/9500) [Mobile
application software]. Retrieved from https://play.google.com/
Desktop: ID-ODSTM. (2017) Optimum Dosing Strategies (Version 1.3.0) Retrieved June 02,
2017, from http://www.optimum-dosing-strategies.org/
Web: in text of document as: http://www.optimum-dosing-strategies.org/id-ods/
ID-ODS Disclaimer
This document, website and application contain proprietary information that is protected by copyright law. No
content or part of this document or website may be reproduced or transmitted in any form or by any means
without prior written consent of the Optimum Dosing Strategies Team.
We try to keep Optimum Dosing Strategies up, bug-free, and safe, but you use it at your own risk. We are
providing Optimum Dosing Strategies on an “as is” basis. The Optimum Dosing Strategies Team makes no
express or implied warranty of any kind with regard to this material, including, but not limited to, the
merchantability, fitness for a particular purpose, and non-infringement. We do not guarantee that the services on
this website will always be safe, secure or error-free or that this website will always function without
disruptions, delays or imperfections. The Optimum Dosing Strategies Team shall not be liable for errors
contained herein nor for possible damages in connection with the furnishing or use of this material. The
Optimum Dosing Strategies Team will not be liable to any user for any lost profits or other consequential,
special, indirect, or incidental, medical or non-medical damages arising out of or in connection with the use of
the website, even if the Optimum Dosing Strategies Team has advised of the possibility of any such damages.
Applicable law may not allow the limitation or exclusion of liability or incidental or consequential damages. In
such cases, the Optimum Dosing Strategies Team’s liability will be limited to the fullest extent permitted by
applicable law.
All persons using the information provided here must rely on their own best professional judgment in
prescribing any dosage regimen whether based on this website or not. All information provided here must
always be carefully assessed and compared with the patient’s clinical picture.
By using or accessing Optimum Dosing Strategies, you agree that the Optimum Dosing Strategies Team can
collect and use such content and information in accordance with applicable personal data privacy laws.
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System Requirements and Installation

Individually Designed Optimum Dosing Strategies (ID-ODSTM) is available in a number of
different channels, and more to come.
The Android mobile app is distributed via the Google Play Store at
https://play.google.com/store/apps/details?id=com.idods.adult and can be installed on any
Android device starting from Android version 2.1, so available on any modern Android
phone or tablet (purchased after 2010).
Our desktop application can run on any recent 32- or 64-bit Windows or Linux operating
system, and is available to download from the ID-ODSTM website. Mac support is available
on demand. Please make sure to review the short installation guide posted on the website.
The Web Application runs in our hosted environment and accessible from mobile or desktop
devices via any standard web browser and is available from the app.id-ods.org site. Google
Chrome or Mozilla Firefox with HTML5 and CSS3 support are recommended. THIS IS
GREAT FOR iOS users!
The platform is also available as a service, via a HTTPS API, so can be integrated in any
online application as a back-end. On-site installation on a Linux box or as a Docker container
is also available on request.
Getting Help and Updates

The Android Mobile Application is distributed via the Google Play Store, which also handles
version updates and deployment as per customer settings. This means that the most recent
version of the app will be downloaded and installed on the devices automatically after new
releases or as per user configuration (eg. updates can be automatically installed or just
downloaded).
The web application is updated by the ID-ODSTM team in our hosted environment, so thus
always runs the most recent version of the ID-ODSTM platform.
You can install the most recent version of the desktop application from our homepage. Please
subscribe to our newsletters to get notified about new versions.
On-site installation updates are available as per support plan.
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ID-ODSTM Components

Monte Carlo Simulation
A Monte Carlo simulation is a mathematical model developed in the early 1940s to produce
scenarios that require the generation of random numbers. It has many applications in physics,
finance and business, and artificial intelligence. In the setting of antibiotic therapy, Monte
Carlo simulations can combine pharmacokinetic and microbiological data to predict the
likelihood an antimicrobial regimen will achieve a therapeutic target. This is called the
probability of target attainment (PTA) where the target to be achieved is an optimal
pharmacodynamic parameter for bacterial killing when considering only MICs of single
values versus it is called Cumulative Fraction of Response (CFR) when considering an entire
population of microorganisms. This technique is often useful in instances where the option of
therapeutic drug monitoring is not available for certain antimicrobial agent.
Inverse Bayesian modeling
The selection of antibiotic dosage regimen in the absence of measured concentrations (ie., a
priori dosing) is based on estimates of the patient's pharmacokinetic parameters adjusted for
patient covariates or known demographics (ie., weight, age, sex, serum creatinine). During
inverse modelling, the use of measured drug levels (ie. a posteriori dosing) is to estimate the
patient's pharmacokinetic parameters from the measured antibiotic concentrations with
relying on the population model. This Bayesian approach incorporates both sets of data (ie:
the actual measured concentration and the population pharmacokinetic model) for estimating
the patient specific pharmacokinetic parameters. It uses the a priori pharmacokinetic
parameters of the population model as some starting estimate for the patient; it then adjusts
these estimates based on the patient's measured antibiotic levels, taking into consideration the
inter-individual variability of the population parameters and the variability of the serum level
measurement. During the procedure, the serum level data is interpreted by incorporating both
the variability of the population model and the variability of the serum level measurement
itself. Bayes' theorem tells us quantitatively just how important every piece of information is,
however it is not always able to tell whether a piece of information is relevant to the actual
patient care.
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First time users sign up to the app and general settings options

Once logged in, the user profile will show. To
access general settings (units of measures, history
settings, etc) the user should click on the small
accordion here shown by the red arrow.

First time user click on grey button “Sign up for
free”, then enter the email address and a choice of
password. Returning users would sign in with their
email address and password they selected initially.

Next step to review settings just click on
“Settings”. Then select the preferences for units of
measure according to local practice patterns.
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General overview of the Patient record management tab and its general functionality
The tab “Manage Patients” allows the user to
conveniently manage profiles of patients that the
user previously ran simulations on. After clicking
on the tab, a list of profiles with the most recent
demographic variables will be displayed to either
“Select” or ‘Deleate”. Once selected, the profile
will be loaded into the user interface of the drug
the simulations are intended for.

The loading of previously simulated profiles will
also be prompted through the Patient ID field of
the individual drug interface. Once presented, the
user may search for and select an existing profile
from the list below or enter a new unique ID and
edit the demographics on the user interface
accordingly. This new ID then will be saved into
the list of IDs once a simulation run is completed
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General overview of the a priori dosing and the Bayesian user interface using the Vancomycin and
the Aminoglycosides example on an Android device
I. User Interface and data input

User will select “Vancomycin” from the list of
available antibiotics. Once selected, the option of
selecting “Empiric Dosing” and “Bayesian Dose
Individualization” is displayed.

After making the selection, the demographic and
laboratory information entry interface will display.
User may click/tap on the small “i” icons to gain
valuable information about the drug modeling
process or data entry requirements. The target
concentrations or PKPD index for analysis may be
edited by clicking on the “Settings” button. The
analysis will begin by clicking on the “Submit”
button.

Target PK or PD analysis settings can be established on this
page, allowing to set the estimation for a loading dose, setting
the type of concentration measured and the target PK
concentration/s or PD index, as applicable to the specific drug
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Under “Settings” the user may enter several
dosing regimens to be used in establishing the
optimal dose, and must click “Save” in order to
ensure the new targets and regimens will be
applied in future analysis. Once clicked on
“Submit”, the spinning wheel will turn until the
results become available for display. The time it
takes to generate a report will depend on the
length of time during which the concentrations
will be analyzed where longer time span will take
longer to analyze.

Customizing ID-ODS Options
General Workflow

The Bayesian analysis interface provides input
fields for relevant laboratory and dosing
information. To add an event, the user would click
on the “New …” button, while to remove an event
would click on the “Remove …” button. If the
user wishes to evaluate a regimen different from
the one suggested by the application based on the
target levels specified, the user may click on the
“MyDose” button in the results display window
and enter a custom regimen to be analyzed.
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II. Output plots
The plot title displays the calculated drug‘s name,
the loading dose, and the subsequent maintenance
dose, followed by the dosing interval.

A. A – priory dosing

The legend on the plot shows the creatinine
clearance and the expected mean + SD calculated
pharmacokinetic parameters using the patient
demographic information as covariates in the
calculations.

The plotted red line shows the predicted
concentration profile using the mean population
parameter value, versus the grey lines shows the
simulated concentrations using the population
parameters in + SD interval.

The plot title displays the calculated drug‘s name,
the optimal dose (rounded), followed by the
optimal dosing interval designed to achieve the
target concentrations. The calculation is based on
the assumption of steady state.

B. Inverse Bayesian modeling

The legend on the plot shows the creatinine
clearance and the individual specific
pharmacokinetic parameters.

The plotted red line shows the predicted
concentration - time profile using the individual
pharmacokinetic parameter values established by
fitting the measured concentrations (blue dots)
with the Bayesian system.

The plot also displays expected peak and trough
levels associated with the optimal dosing regimen.
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C. Individual drug exposure analysis plots

The calculated daily AUCs are estimated for the full time frame under the
red concentration-time profile displayed in plot on top. In the example here,
we plotted approximately 75 hours’ worth of concentration profile; hence
the AUCs are calculated for 3 full days, then for 3 hours only on day 4.
Thus day 4 represents only a fraction of the full day’s AUC. This fractional
AUC on the last day/s usually results from a default setting that adds a total
of 2 hours to the latest time point used during the Bayesian fitting
procedure in addition to the fractional day resulting from data entry, which
allows for the observation of drug concentration after the last dose.

The calculated daily AUCs labelled as “SS” or Steady State is estimated for
24 hours of the recommended steady state dose.
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D. Dialysis regimen analysis plots

Similar to the individual drug exposure analysis plots, the calculated daily
AUCs are estimated for the full time frame under the red concentrationtime profile displayed in plot on top. In the example here, we plotted
approximately 32 hours’ worth of concentration profile; hence the AUCs
are calculated for 1 full day, then for 8 hours only on day24. Thus day 2
represents only a fraction of the full day’s AUC. This fractional AUC on
the last day/s usually results from a default setting that adds a total of 24
hours to the latest time point used during the Bayesian fitting procedure,
which allows for the observation of drug concentration after the last dose.

The built in algorithm will calculate the optimal dosing regimen that allows
for minimal daily deviation from the target PKPD index specified by the
user. A dose will be estimated for 7 days (including a dose of zero mg if
that is deemed to be optimal on a given day) assuming 3 dialysis sessions
taking place at hour 48, 96 and 168 that lasts for 3 hours. The optimal dose
calculated for a given day then will be displayed in the daily AUC plot
(purple bars) as the axis labels. According to this example, a dose of 1500
mg should be given on day 1 (immediately), followed by 500 mgs on day
2, 3, 4, 5, and 6, then no dose to be given (0 mg) on day 7. On dialysis days
the dose is assumed to be given after dialysis. For individual dose
simulations specified by the user please use the MyDose functionality.
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General overview of the Monte Carlo Simulation user interface using the Meropenem example on an
Android device
I.

User Interface and data input

After making the selection for empiric dosing
strategy, the demographic and laboratory
information entry interface will display. User may
click/tap on the small “i” icons to gain valuable
information about the drug modeling process or
data entry requirements. The analysis will begin
by clicking on the “Submit” button.

The user may enter region or institution specific MIC distribution by
clicking on the “Settings” button, which will be used in the
cumulative fraction of response (CFR) calculations. The app also
allows for the specification of the magnitude of pharmacodynamic
target of interest.

The “Empiric Dosing for MIC Distribution” application has the
ability to compare up to 4 dosing regimens at one time. To add or
remove a regimen simply click on the respective buttons on the
interface..
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The plot title displays the simulated drug‘s name,
the dose, followed by the dosing interval.

II. Output plots
C. Probability of target Attainment (PTA) plots

The plotted black line displays the PTAs at
doubling MICs, while the horizontal red line
indicates the optimal PTA of 90%.

The legend of the plot contains the ID number,
estimated creatinine clearance, the
pharmacodynamics target index and the length of
infusion (L.O.I.) applied during the simulations

D. Cumulative Fraction of Response (CFR) plots

The bars represent the CFR achieved by the
specific method, while the horizontal red line
indicates the optimal CFR of 90%.

The labels of the X axis will display the dosing
regimens that were compared during the
simulations.

The legend of the plot contains the ID number,
estimated creatinine clearance, and the
pharmacodynamics target index applied during the
simulations
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E. Exposure plots

The legend of the plot contains the estimated
creatinine clearance, the dose evaluated, and the
length of infusion applied during the simulations

The bi-color histogram shows the distribution of the pharmacokinetic
parameter of interest comparatively for the dose evaluated (red) versus
the reference distribution (green), where optimal exposure would be
represented by a perfect overlap of the histograms. 48h intervals will
provide AUCs for the first and second 24 h portions.
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F. Detailed pharmacokinetic and pharmacodynamics analysis report

PATIENT ID

DOB

MR NUMBER

WARD

ROOM

PROVIDER ID

123

01/01/67

123456

MICU

2

MD-1

Age (years)

Height (cm)

Weight (kg)

Sex

ClCr (ml/min)

65

175

85

M

73.4

1. Patient Demographics

Detailed PKPD analysis reports show patient
demographic and institution specific information
suitable for inclusion in the medical record.

This plot shares similarity with the Bayesian plots
previously described with the added information
indicating the time point at which the change of
PK parameters is permitted, indicated by the light
dotted purple lines.

2. Plot of Predicted and Observed Concentrations
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The third plot shows the breakdown of the magnitude of the
pharmacodynamics index achieved with the red line indicating the
target PKPD index, the grey bars indicating the actual magnitude
of the PKPD index achieved versus the purple bar will indicate the
predicted magnitude expected to be achieved by the calculated
steady state regimen indicated in the title of the Bayesian plot.

3. Plot of Daily AUC/MIC Ratios
The fourth plot shows the convergence plots of the Markov chains,
where a nearly horizontal grey line indicates reasonable
convergence has been achieved..

4. Parameter Convergence Plots
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Plots five and six displays the estimated pharmacokinetic
parameters over time based on the time point at which the change
of PK parameters is permitted, as indicated by the light dotted
purple lines in the Bayesian plot above.

5. Plot of Individual Elimination Rate Constants

6. Plot of Individual Volume of Distributions
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General Workflow

The ID-ODSTM applications are powered by a cloud-based Application Programming
Interface, built on Ruby on Rails and the R statistical programming language and software
environment. In practice, the ID-ODSTM applications send the user-initialized modeling
requests to the ID-ODSTM servers via encrypted (HTTPS) channel, then the servers evaluate
the statistical models and computations, and return the results to the ID-ODSTM applications
to render to the user. This centralized workflow provides a high-performant computing
environment for the consumers available from any devices, with the advantage of optionally
syncing user data between those automatically. A high-level overview on the infrastructure is
as follows (see figure below): The user-specified parameters from the ID-ODSTM application
[1] are passed to ID-ODSTM website [2], which seamlessly transmits the model parameters to
the ID-ODSTM API over a secure channel for evaluation. The channel is backed up by a
content delivery network [3] that is also speeding up connection besides making it possible to
provide high availability for the ID-ODSTM users. The cluster of webservers [4] processes the
queries and reads the required models and programs to memory from the distributed system
of databases [5] to be passed along to the R [6] workers. The computations are run in a
secured and stateless R environment so that no sensitive information would be stored for
future R sessions. The statistical tasks can use any of the numerous, currently more than
10,000 user contributed packages found on CRAN, and the templates can call even GRASS
for spatial analysis or OpenBUGS [7] as a Bayesian interface. The results are returned in
Pandoc’s markdown format [8] that could be transformed to any popular document format –
along with the generated plots in the analysis.
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Drug models

ID – ODSTM system utilizes peer reviewed, published pharmacokinetic models in the
calculation of drug specific kinetic and dynamic indices. The list of antibiotics and respective
pharmacokinetic models coded in the application are as follows:
1. Aminoglycosides
Pai MP, Nafziger AN, Bertino JS. Simplified Estimation of Aminoglycoside
Pharmacokinetics in Underweight and Obese Adult Patients. Antimicrobial Agents and
Chemotherapy. 2011;55(9):4006-4011. doi:10.1128/AAC.00174-11.
2. Amoxicillin and clavulanic acid
Carlier M, Noë M, De Waele JJ, Stove V, Verstraete AG, Lipman J, Roberts JA. Population
pharmacokinetics and dosing simulations of amoxicillin/clavulanic acid in critically ill
patients. J Antimicrob Chemother. 2013 Nov;68(11):2600-8
3. Cefepime
Nicasio AM, Ariano RE, Zelenitsky SA, et al. Population Pharmacokinetics of High-Dose,
Prolonged-Infusion Cefepime in Adult Critically Ill Patients with Ventilator-Associated
Pneumonia . Antimicrobial Agents and Chemotherapy. 2009;53(4):1476-1481.
doi:10.1128/AAC.01141-08.
Tam VH, McKinnon PS, Akins RL, Drusano GL, Rybak MJ. Pharmacokinetics and
Pharmacodynamics of Cefepime in Patients with Various Degrees of Renal
Function. Antimicrobial
Agents
and
Chemotherapy.
2003;47(6):1853-1861.
doi:10.1128/AAC.47.6.1853-1861.2003.
4. Ceftazidime
Georges B, Conil J-M, Seguin T, et al. Population Pharmacokinetics of Ceftazidime in
Intensive Care Unit Patients: Influence of Glomerular Filtration Rate, Mechanical
Ventilation, and Reason for Admission . Antimicrobial Agents and Chemotherapy.
2009;53(10):4483-4489. doi:10.1128/AAC.00430-09.
5. Ceftriaxone
Garot D, Respaud R, Lanotte P, et al. Population pharmacokinetics of ceftriaxone in critically
ill septic patients: a reappraisal. British Journal of Clinical Pharmacology. 2011;72(5):758767. doi:10.1111/j.1365-2125.2011.04005.x.
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6. Ciprofloxacin
Khachman, D., Conil, J., Georges, B., Saivin, S., Houin, G., Toutain, P., & Laffont, C. M.
(2011). Optimizing ciprofloxacin dosing in intensive care unit patients through the use of
population pharmacokinetic-pharmacodynamic analysis and Monte Carlo simulations.
Journal of Antimicrobial Chemotherapy, 66(8), 1798-1809. doi:10.1093/jac/dkr220
7. Daptomycin
Dvorchik B, Arbeit RD, Chung J, Liu S, Knebel W, Kastrissios H. Population
Pharmacokinetics
of
Daptomycin. Antimicrobial
Agents
and
Chemotherapy.
2004;48(8):2799-2807. doi:10.1128/AAC.48.8.2799-2807.2004.
8. Doripenem
Abdul-Aziz MH, Abd Rahman AN, Mat-Nor M-B, et al. Population Pharmacokinetics of
Doripenem in Critically Ill Patients with Sepsis in a Malaysian Intensive Care
Unit. Antimicrobial
Agents
and
Chemotherapy.
2016;60(1):206-214.
doi:10.1128/AAC.01543-15.
9. Flucloxacillin
Xie et al, unpublished at this time.
10. Levofloxacin
Preston SL, Drusano GL, Berman AL, et al. Levofloxacin Population Pharmacokinetics and
Creation of a Demographic Model for Prediction of Individual Drug Clearance in Patients
with Serious Community-Acquired Infection. Antimicrobial Agents and Chemotherapy.
1998;42(5):1098-1104.
11. Meropenem
Crandon, J. L., Ariano, R. E., Zelenitsky, S. A., Nicasio, A. M., Kuti, J. L., & Nicolau, D. P.
(2010). Optimization of meropenem dosage in the critically ill population based on renal
function. Intensive Care Medicine, 37(4), 632-638. doi:10.1007/s00134-010-2105-0
Li, C., Kuti, J. L., Nightingale, C. H., & Nicolau, D. P. (2006). Population Pharmacokinetic
Analysis and Dosing Regimen Optimization of Meropenem in Adult Patients. The Journal of
Clinical Pharmacology, 46(10), 1171-1178. doi:10.1177/0091270006291035
Doh, K., Woo, H., Hur, J., Yim, H., Kim, J., Chae, H., . . . Yim, D. (2010). Population
pharmacokinetics of meropenem in burn patients. Journal of Antimicrobial Chemotherapy,
65(11), 2428-2435. doi:10.1093/jac/dkq317
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12. Piperacillin and tazobactam
Felton TW, Roberts JA, Lodise TP, et al. Individualization of Piperacillin Dosing for
Critically Ill Patients: Dosing Software To Optimize Antimicrobial Therapy. Antimicrobial
Agents and Chemotherapy. 2014;58(7):4094-4102. doi:10.1128/AAC.02664-14.
Patel N, Scheetz MH, Drusano GL, Lodise TP. Identification of Optimal Renal Dosage
Adjustments for Traditional and Extended-Infusion Piperacillin-Tazobactam Dosing
Regimens in Hospitalized Patients . Antimicrobial Agents and Chemotherapy.
2010;54(1):460-465. doi:10.1128/AAC.00296-09.
13. Polymixin
Sandri, A. M., Landersdorfer, C. B., Jacob, J., Boniatti, M. M., Dalarosa, M. G., Falci, D. R.,
Zavascki, A. P. (2013). Population Pharmacokinetics of Intravenous Polymyxin B in
Critically Ill Patients: Implications for Selection of Dosage Regimens. Clinical Infectious
Diseases, 57(4), 524-531. doi:10.1093/cid/cit334
14. Telavancin
Samara E, Shaw J-P, Barriere SL, Wong SL, Worboys P. Population Pharmacokinetics of
Telavancin in Healthy Subjects and Patients with Infections. Antimicrobial Agents and
Chemotherapy. 2012;56(4):2067-2073. doi:10.1128/AAC.05915-11.
15. Tigecycline
Van Wart SA, Owen JS, Ludwig EA, Meagher AK, Korth-Bradley JM, Cirincione BB.
Population Pharmacokinetics of Tigecycline in Patients with Complicated Intra-Abdominal
or Skin and Skin Structure Infections . Antimicrobial Agents and Chemotherapy.
2006;50(11):3701-3707. doi:10.1128/AAC.01636-05.
Rubino CM, Forrest A, Bhavnani SM, et al. Tigecycline Population Pharmacokinetics in
Patients with Community- or Hospital-Acquired Pneumonia . Antimicrobial Agents and
Chemotherapy. 2010;54(12):5180-5186. doi:10.1128/AAC.01414-09.
16. Vancomycin
Neely MN1, Youn G, Jones B, Jelliffe RW, Drusano GL, Rodvold KA, Lodise TP. Are
vancomycin trough concentrations adequate for optimal dosing? Antimicrob Agents
Chemother. 2014;58(1):309-16
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Matzke GR, McGory RW, Halstenson CE, Keane WF. Pharmacokinetics of vancomycin in
patients with various degrees of renal function. Antimicrobial Agents and Chemotherapy.
1984;25(4):433-437.
Ariano RE1, Fine A, Sitar DS, Rexrode S, Zelenitsky SA. Adequacy of a vancomycin dosing
regimen in patients receiving high-flux hemodialysis. Am J Kidney Dis. 2005 Oct;46(4):6817.
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